Purpose: To identify the main flavonoid in Adinandra nitida leaf, employ response surface methodology to optimize its ultrasonic-assisted extraction, and determine the antioxidant activity of the obtained extract. 
INTRODUCTION
Adinandra nitida, a particular wild plant in South China, is a kind of flavonoid-rich plant source. Its leaves have been consumed as health tea (Shiyacha) and herbal medicine for hundreds of years. It is reported to have many curative effects, such as reduction of blood pressure, antibacterial, antitumor, anti-toxicity, and analgesic activities. It has been reported that the flavonoid content of its leaves could be > 20 % [1] [2] [3] .
The classical techniques for the solvent extraction of materials from plants are based upon the correct choice of solvent coupled with the use of heat and/or agitation. The extraction of organic compounds contained within the body of plants and seeds by a solvent is significantly improved by the use of power ultrasound. The mechanical effects of ultrasound provide a greater penetration of solvent into cellular materials and improves mass transfer. There is an additional benefit for the use of power ultrasound in extractive processes which results from the disruption of biological cell walls to facilitate the release of contents [4] .
Response surface methodology (RSM) with appropriate experimental designs, e.g., central composite design (CCD), has been effectively applied to optimize the intended parameters in the extraction and modification of bioactive compounds [5, 6] . The objective of this study was to identify the main flavonoid in Adinandra nitida leaves, employ response surface methodology to optimize its ultrasonicassisted extraction, and determine the antioxidant activity of the obtained
EXPERIMENTAL

Materials and chemicals
Leaves of Adinandra nitida, collected in Pingle city, Guangxi Province, China, and was identified by Dr. Guihua Xu of Henan Institute of Science and Technology. A voucher specimen (NO. LBG-1) was deposited in the Food Chemistry Lab of Henan Institute of Science and Technology. 1,1-diphenyl-2-picrylhydrazyl (DPPH) and butylated hydroxyanisole (BHA) were purchased from Sigma. All other reagents were of analytical grade.
Preparation of the main flavonoid in
Adinandra nitida leaf
About 20.00g of the powdered leaves of Adinandra nitida was extracted with 300 ml of 60 % ethanol in a water bath at 80 °C for 5 h and then filtered. The filtrate was concentrated under vacuum at 45 °C and freeze-dried (Alpha 1-4, Christ, Germany), about 7.67 g of the extract was obtained. The obtained extract was purified to get the crystal by recrystallizing for 8 times from water. After drying at 60 °C, 0.3959 g of a light yellow product was obtained.
Identification of the main flavonoid in
Adinandra nitida leaf UV analysis was performed on a TU-1810PC spectrophotometer (Purkinje, China) and the spectra of the flavonoids in methanol were recorded and processed by UV Win 5.0.5 software (Purkinje, China). IR analysis was performed on a TENSOR 27 infrared spectrophotometer (Bruker, Germany) and the data were recorded and processed by OPUS 4.0 software. ESI-MS 2 analyses were carried out on a LCQ Deca XP MAX electrospray ionization mass spectrometer (Finnigan, USA) in the negative ion mode.
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C-and 1 H-NMR spectra were recorded in DMSO-d 6 using a DRX-400 NMR spectrometer (Bruker, Germany) at 400 MHz.
Ultrasonic-assisted extraction
The ultrasonic-assisted extraction was performed using a KQ-200VDE ultrasonic bath (Kunshan Ultrasonic Instrument Co. Ltd., Kunshan City, Jiangsu Province, China) with the output power 200 W, which could work at three ultrasonic frequency of 45, 80, 100 KHz. The sample of 1 g of the dried powder was placed in a flask and extracted with 40 mL of ethanol at different concentration at different ultrasonic frequencies for different times and then filtered under vacuum. The filtrate was diluted to 100 mL for determining the flavonoid content.
Flavonoid yield
The flavonoid content in the filtrate was estimated by UV spectrometry. The absorbance of the suitably diluted sample at 330 nm was determined by using a TU-1810PC UV spectrophotometer (Purkinje, Beijing, China). The flavonoid content was calculated with reference to camellianin A standard. The dried powdered leaves (1.0056 g) were placed in a Soxhlet extractor and refluxed at 80 °C for 10 h with 150 mL methanol, and then the extract was collected and diluted to 250 mL with methanol to determine the flavonoid content in raw material.
The flavonoid yield (Y) was defined as the ratio of total flavonoid in the filtrate to total flavonoid in raw material.
Experimental design
A three-level, three-factor, central composite design (CCD) was employed, in which 39 experiments were involved, and the flavonoid yield (Y) was used as response in evaluating the extraction ( Table 1 ). The factors and levels studied were determined on the basis of the factorial experiments, such as extraction time (5, 20 , and 35 min), ethanol concentration (40, 70, and 100 %), and ultrasonic frequency (45, 80, and 100 KHz). The CCD combined the vertices of a hypercube whose coordinates are given by the 2 n factorial design with the "star" points. The star points were added to the factorial design to provide for estimation of curvature of the model. Six replicates (No. 2, 6, 15, 27, 30 and 34) at the center of the design were used to allow for estimation of "pure error" sum of squares. Experiments were randomized in order to minimize the effects of unexplained variability in the observed response due to extraneous factors.
Preparation of Adinandra nitida leaf extract
The powdered leaves of Adinandra nitida (2 g) were extracted with 80 mL of 63 % ethanol at 45 KHz for 30 min and then filtered under vacuum. The filtrate was collected and freeze-dried (FourRing Science Instrument Plant Beijing Co, Ltd, China), The obtained extract was gained for the following antioxidant assays.
DPPH radical scavenging assay
DPPH radical scavenging assay was done according to a previously published method [7] . Briefly, 2 mL of DPPH solution (0.2 mmol/L, in ethanol) was incubated with different concentrations of the extract, BHA. The reaction mixture was shaken and incubated in the dark for 30 min, at room temperature. And the absorbance was read at 517 nm against ethanol. Controls containing ethanol instead of the antioxidant solution, and blanks containing ethanol instead of DPPH solution were also made. The inhibition of DPPH radical by the samples, i.e., DPPH activity, was calculated according to Eq 1. DPPH activity (%) = 100{Ac -(As -Ab)}/Ac ………………………….…………………… (1) where Ac, As and Ab and the absorbance of control, sample and blank, respectively. DPPH radical scavenging activity was plotted against sample concentration to obtain the IC 50 , defined as the concentration of sample required to cause 50 % inhibition.
Reducing power assay
The reducing power of the sample was determined according to a published method [8] . 0.5 mL of the extract in ethanol was mixed with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide (2.5 mL, 1 %). The mixture was incubated at 50 °C for 20 min. A portion (2.5 mL) of trichloroacetic acid (10 %) was added to the mixture, which was then centrifuged at 3000 rpm for 10 min. The upper layer of solution (2.5 mL) was mixed with distilled water (2.5 mL) and FeCl 3 (0.5 mL, 0.1 %), and the absorbance was measured at 700 nm. Increased absorbance of reaction mixture indicated reducing power.
Data analysis
Experimental data from CCD were analyzed by means of RSM to fit the quadratic polynomial equation with the Design Expert software (version 8.0, State-Ease, Inc, Statistics Made Easy, Minneapolis, MN). The quadratic polynomial equation is shown in Eq 2.
0 was the value of the fitted response at the center point of the design, which is point (0, 0 i ii ij were the constant, linear, quadratic and cross-product regression terms, respectively.
RESULTS
Main flavonoid in Adinandra nitida leaf
Based on UV, IR, ESI-MS and NMR, the flavonoid obtained in this study was identified as camellianin A (Figure 1 
Diagnostic checking of the fitted model
The result of the central composite design is shown in Table 1 The result of ANOVA is shown on Table 2 . The Model F-value of 55.89 implies the model is significant. There is only a 0.01 % chance that a "Model F-Value" this large could occur due to noise. The Values of "Prob > F" less than 0.0500 indicate model terms are significant. In this case X 1 , X 2 , X 3 , X 1 2 , X 2 2 are significant model terms. The Values greater than 0.1000 indicate the model terms are not significant. The "Lack of Fit F-value" of 2.00 implies the Lack of Fit is not significant relative to the pure error. There is an 11.56% chance that a "Lack of Fit F-value" this large could occur due to noise. The "Pred RSquared" of 0.8907 is in reasonable agreement with the "Adj R-Squared" of 0.9408. The above diagnostic checking of the ftted model showed the models could be used to navigate the design space. 
Optimization of ultrasonic-assisted extraction
The effect of extraction time and ethanol concentration on flavonoid yield was shown in Figure 2 . The optimum conditions were obtained by running the program of Design Expert software. The optimum conditions for independent variables and the predicted values of the responses also were presented as follows: extraction time 30.25 min, ethanol concentration 63.84 % and ultrasonic frequency 45 kHz. The estimated values for flavonoid yield, 83.02% was obtained at those conditions. A verification experiment at the optimum condition, consisting of 3 runs, was performed and the practical yield of 84.52 ± 1.65 % was obtained.
Antioxidant activities
In this study, a high DPPH radical scavenging activity was observed in both the extract and BHA in a concentration manner (Figure 3) . The DPPH radical scavenging activity of the extract (IC 50 , 0.02 mg/mL) was lower than that of BHA (IC 50 , 0.01 mg/mL). 
DISCUSSION
In this study, by forming inclusion complex with HP--CD, the solubility of Adinandra nitida is potentially of great commercial interest in the food and phytopharmaceutical markets. In this study, the main flavonoid in Adinandra nitida leaves was identified as camellianin A, which supports the report of Yuan et al [9] . With camellianin A obtained by recrystallization 8 times from water as standard, the flavonoid content in the raw materials was17.91 %. To the best of our knowledge, there are few plant sources containing so much flavonoid as the leaf of Adinandra nitida.
When many factors and interactions affect desired responses, response surface methodology (RSM) is an effective tool for optimizing the process. The basic principle behind response surface methodology (RSM) analysis is to relate the observed value (dependent variables) to process parameters (independent variables) using statistical methods, yielding a multivariate regression equation, often of second-order.
RSM takes interactions into consideration and optimizes the process parameters to reasonable range, with the advantage of less the number of replicates and the total time required to perform the experiments [10] [11] . The relationship between the variables and responses can be better understood by examining the threedimensional response surface plots, as shown in Figures 2, whose regression coefficients are generated from the predicted models. In this study, it was found that the performance of 45 KHz was superior to that of 80 or 100 KHz, which should attribute to the higher vibration intensity at 45 KHz. Figure 2 showed the effects of ethanol concentration, extraction time, and their mutual interaction on the flavonoid yield when the ultrasonic frequency was at 45 KHz. The maximum flavonoid yield appeared in the extraction time range of 28-35 min and the ethanol concentration range of 60-67%. Higher extraction time resulted in higher flavonoid yield at the same ultrasonic frequency, but the increase becomes smoother when the extraction time exceeded 28 min. And a suitable increment in the ethanol concentration (40-67%) increased the flavonoid by increasing the solubility of flavonoids in the solution. However, a higher extraction exceeding the optimal range of 60-67% had negative effects on flavonoid yield. Based on the models, the optimum condition could be determined as extraction time 30.25 min, ethanol concentration 63.84 % and ultrasonic frequency 45 kHz.
The antioxidant activity of plant extract cannot be evaluated by only a single method due to the complex nature of phytochemicals; therefore, it is important to employ commonly accepted assays to evaluate the antioxidant activity of plant extract. Numerous antioxidant methods have been developed to evaluate antioxidant activity and to explain how antioxidants function. Of these, reducing power, DPPH assay is the most commonly accepted assay to evaluate antioxidant activity [12] . It was found that the extract was an effective scavenger in quenching DPPH radicals and showed some degree of reducing power. Based on the above result, the flavonoid-rich extract could be widely used in could be used in food and pharmaceuticals industries.
CONCLUSION
The main flavonoid in plant leaf was identified as camellianin A. The optimum conditions of ultrasonic-assisted extraction of flavonoids from Adinandra nitid leaves were determined by using response surface methodology. The findings of this work indicate that the flavonoid-rich plant resource and its extract are a potential new source of natural antioxidant and health food with great commercial prospects in the food and pharmaceuticals industries.
